SUMMARY Exercise and redistribution myocardial scintigraphy using thallium-201 was compared with the left ventricular angiogram and with the presence of stenosis or occlusion of coronary arteries on angiography. Irreversible scintigraphic defects representing areas of myocardial infarction were found in all patients with occlusion of the left anterior descending artery but nearly one-third of patients with stenosis of that artery also showed evidence of infarction. For the right coronary or circumflex arteries the incidence of infarction was 82% with vessel occlusion and 57% with vessel stenosis. Of abnormally contracting segments on the left ventricular angiogram, 95% showed irreversible scintigraphic defects but 33% of normally contracting segments supplied by a diseased artery also showed this.
Myocardial scintigraphy using thallium-201 is widely used in the assessment of patients with suspected coronary artery disease. [1] [2] [3] [4] [5] [6] The sensitivity of the method when compared with coronary angiography is good and when computer processing techniques are applied to scintigrams performed on exercise the sensitivity is excellent.7-9 The myocardial distribution of thallium-201 immediately after intravenous injection is directly related to regional myocardial perfusion10 whereas after four hours the distribution of thallium-201 is a reflection of the relative size of the potassium pool between the heart and other organs and between different regions of the myocardium. This difference in the mechanisms of thallium-201 distribution has been used to separate areas of reversible ischaemia from myocardial infarcts by performing an initial scintigram during exercise and repeating the investigation after four hours without a further injection of thallium-201.
This technique was used to assess the relative effects of stenosed and occluded coronary arteries on regional myocardial uptake ofthallium-201 and therefore the relation between the vascular lesions and the Received for publication 5 The relation between the scintigraphic findings and the nature of the coronary lesions was evaluated by the x2 test corrected for small numbers. The relation between the scintigram and the left ventricular angiogram was assessed by the same method.
Results
Disease of three or more coronary arteries was found in 15 of the 27 patients studied. Disease of two vessels was found in seven patients and single vessel disease was present in the remaining five. Three patients also had a significant stenosis of the left main stem and for the purpose of this study have been categorised as having both left anterior descending and circumflex artery disease.
The left anterior descending artery was affected in 21 patients; in 15 of these there was a significant stenosis and in six patients the artery was occluded. Disease of the right coronary artery in the absence of circumflex disease was present in three cases; in two the vessel was occluded. The circumflex artery was diseased with a normal right coronary artery in five patients; the artery or a major lateral circumflex branch was stenosed in three and occluded in two. Disease of both the right coronary and circumflex arteries was present in 17 patients; in seven at least one vessel was occluded. Because of the small number of cases with right coronary or circumflex artery disease these groups have been combined.
Scintigraphic defects were seen during exercise in all cases in segments appropriate to the distribution of the coronary disease with the exception of one patient with an isolated 50% lesion of the left anterior descending artery in whom a normal scintigram was obtained.
Out of 17 occluded vessels only two were associated with reversible scintigraphic defects, the remaining 15 being irreversible. In contrast, the 29 stenosed arteries were associated with reversibility of the scintigraphic defect in 15 cases and an irreversible defect in 13 cases, one having no defect. An analysis of the type of scintigraphic defect in relation to the specific vessel involved showed that, for lesions of the left anterior descending artery (Table 1) , occlusion was accompanied by irreversible defects in all six cases whereas in the 15 patients with stenosis only the defect was reversible in nine (60%).
Reversible defects were found in six of 14 patients (43%) with stenosis of the right coronary or circumflex arteries (Table 2 ). In eight the defect was irreversible. Where one or more of these vessels were occluded nine out ofthe 11 patients showed irreversible defects.
The segmental analysis of the left ventricular angiogram was compared with the scintigraphic findings (Table 3) . In all cases abnormally contracting segments showed reduced thallium-201 activity on exercise. A total of 21 such segments were found in 15 patients. A further 24 segments in 17 patients which 
Discussion
Although the factors determining the distribution of thallium-201 within the myocardium after intravenous injection were described some years ago11 it is only recently that this knowledge has been used to differentiate between reversible and irreversible ischaemic segments. 45 Since the immediate myocardial uptake of thallium-201 is dependent on myocardial perfusion"I the early scintigram can be used to identify areas of diminished perfusion. The scintigrams obtained four hours later reflect the redistribution of thallium-201 in proportion to the relative size of the potassium pool in different areas. It has been shown experimentally that the redistribution of thallium-201 is independent ofcontinuing myocardial ischaemia. 12 The sensitivity of the early scintigram in detecting myocardial ischaemia is increased by performing the early perfusion scintigram during exercise and is further improved by applying computer processing techniqueskto the scintigraphic data.7-9 These techniques are used to reduce the effect of relatively high levels of background activity which tend to mask the myocardial areas of reduced activity. 13 14 The correct level of background to be subtracted cannot easily be evaluated accurately because of the summation of counts obtained from the heart and overlying lung and chest wall. It is, however, of great importance that the subtraction level closely approximates the true background since excessive subtraction will result in apparent myocardial defects which are not in fact significant. Similarly, too low a level of subtraction will reduce the sensitivity of the scintigram.
In order to overcome this difficulty resulting from the wide point-to-point variation in background adjacent to the heart we have used a smoothing programme before determining the level of background to be subtracted. This results in more uniform levels of, background and therefore allows a more reliable assessment of the required subtraction level. The technique also permits the application of rigid criteria of abnormality.
Our earlier observations7 in a series of 65 patients with coronary disease have shown that segments with activity of less than 50% of the most active myocardial segment are likely to be supplied by a diseased vessel. The sensitivity for the detection of coronary disease was 97% using the processing steps described. The specificity could not be determined in that study since the prevalence of coronary disease was 100%. If segmental activity was related to specific vessels, however, as in the present study, the sensitivity of the method was 94% and the specificity was 96%. In an unpublished series of 500 patients with a low prevalence of coronary disease (62%), as one would expect the sensitivity fell to 85% when relating defects to specific vessels and the specificity fell to 90%. While these results may reflect deficiencies in the resolution and discrimination of the system other possible explanations for "false" positive and negative results may be advanced. For example, in patients with multiple vessel disease, the exercise test may be limited by symptoms resulting from ischaemia developing in the territory supplied by one diseased vessel before the segments supplied by other, perhaps less seriously affected, arteries are significantly ischaemic also. The scintigram under these circumstances may underestimate the extent of the coronary disease. This merely emphasises that the thallium scintigram is a reflection of myocardial perfusion and is not directly related to coronary stenosis. Nevertheless in the present study ofa selected group ofpatients only one normal scan was obtained.
The smoothing results in an artificially uniform activity profile across the myocardium as well as background, but, on the basis of the number of matrix points covered by the left ventricle and the use of a nine-point smoothing programme, it can be shown that any scintigraphic defect involving at least 2% of the total myocardial area will still be invariably identified after smoothing.
The identification of areas of myocardial infarction is important in the assessment ofpatients with coronary artery disease, particularly when surgical treatment is being considered. The left ventricular angiogram has a poor sensitivity for the detection of infarcts. Perfusion and redistribution thallium-201 scintigraphy offers a method by which previous infarction can be reliably identified and distinguished from reversible ischaemia. In the territory of the left anterior descending artery occlusion was always associated with infarction, but even in the absence of total occlusion infarction was present in nearly a third of cases. For circumflex and right coronary lesions the pattern is less clear, with infarction as the more common finding even in the absence ofocclusion. The differences found between left anterior descending artery disease and disease of the other vessels may be the result in part of the variable distribution of the circumflex and right coronary artery systems. Furthermore, no analysis of the effectiveness of the collateral circulation has been made though this is known to be of importance. 15 Infarction in the absence of coronary occlusion is well recognised both in the early stages of acute infarction and in the course oflater investigation. The results of this study indicate that this situation is more common than has formerly been supposed. This may arise as the result of recanalisation of a previously occluded vessel. Alternatively, infarction may result from a critical reduction in flow in a non-occluded vessel or as the result of coronary arterial spasm in an already diseased vessel. The relation between infarction and coronary occlusion remains in doubt.
The poor sensitivity of the left ventricular angiogram has been confirmed by this study. Though over 95% of abnormally contracting segments showed irreversible scintigraphic defects this was also found in a third of the normally contracting segments. The regular use ofisosorbide dinitrate before left ventricular angiography may have reduced the sensitivity of the angiogram in the detection of abnormal wall motion. We feel, however, that when assessing patients for possible coronary artery surgery it is more important to avoid the possibility of stress-induced regional contraction abnormalities resulting in a misleading assessment of left ventricular function.
These results indicate the value of exercise and redistribution thallium-201 scintigraphy for the detection of reversible and irreversible ischaemic segments. The number of patients included in this study is small, and only 18 of these have subsequently undergone coronary artery bypass surgery. It is not therefore possible at this stage to assess the prognostic value of these data, but the method should prove useful in planning coronary artery bypass surgery and in following the course of patients with coronary artery disease treated either medically or by operation. 
